Abstract: Due to the integration of renewable energy ressources in the electricity grids, many new challenges have to be coped with. Therefore, new architectures are developed. To validate if a new architecture meets the requirements of transforming electricity grids into Smart Grids, a general evaluation-metric should be used. Not all requirements and their satisfaction can be mapped on monetary values, so a differentiated view on different aspects of an Smart Grid architecture is preferable. To meet this purpose, the idea is to develop separate evaluationmetrics on each layer of the Smart Grid Architecture Model and to build one comprising evaluation scheme for Smart Grid Architectures.
Motivation
In the Kyoto Protocol [21] , the European Union (EU-15) gave commitment for the reduction of greenhouse gas emissions of 8% below its 1990 levels until 2012. Further on, it was extended to 20% below the 1990 levels until 2020 ("20-20-20" targets) . This leads to expenditures in renewable energies like photovoltaic and wind power. Due to the fluctuating feed-in of these generation plants, the energy grids are facing new challenges to fulfill their transmission and distribution purposes. To overcome these challenges, a progression of the traditional energy grids to Smart Grids is needed.
Following [17] , a Smart Grid is specified by the U. S. Department of Energy's National Energy Technology Labora-tory in [14] with the following seven principal characteristics¹: -enables active consumer participation -accommodates all generation and storage options -enables new products, services, and markets -provides power quality for the digital economy -optimizes asset utilization and operates efficiently -anticipates and responds to system disturbances -operates resiliently against attack and natural disaster According to that, Smart Grid services and functionalities can adress many different facets. So one big challenge concerning Smart Grids is the overview of the quality of different architectural concepts like the use of new technologies in a grid or new concepts for virtual power plants. This issue leads to the following research question:
What are quality attributes and key performance indicators for Smart Grids? And how can these be evaluated a) separately and b) collectively to compare different Smart Grid Architectures with each other?
The European M/490 mandate delivered a framework of communication and electrical architectures and associated processes to handle the different facets of Smart Grids and to accommodate future developments [18] . This framework is the Smart Grid Architecture Model (SGAM), which is introduced and explained in [18] and has proven to be a meaningful way to properly document a static view onto individual Smart Grid use cases [15] . Furthermore, it provides the means to express domain-specific viewpoints on architecture models by the concepts of Domains, Zones and Interoperability Layers as depicted in Figure 1 and has been adopted in [7] for a Model-Driven-Architecture (MDA) process.
Considering this, the SGAM is a structured and integral model to develop and compare Smart Grid Architectures. But for an objective comparison of diverse architec- tures from different developers, an open evaluation metric is desired. Thereby, the big advantages of an evaluation metric can be -Identifying missing and not undertaken issues, -Analysing the gap to a targeted objective, -Realising the deficit at one side for the gain at another during development at different stages, -Comparing different architectures independent of their focus during development and -Detecting issues with generally high or low levels of regard trough rating of multiple architectures.
To leave the rating of a designed architecture transparent, the result should not base on one single value, but multiple values for different categories as in [5] , where the openness of engineering-tools is rated for the four categories Export Functionality, Import Aspects, Documentation and Completeness. This has the advantage of a sophisticated evaluation and shows not only a value built-up from diverse categories that can not always be reasonably joined. Furthermore, it gives the possibility to focus at some categories and put others aside in relation to the objective of a rating. Yet it is still desirable to have one result of an evaluation. Therefore, some categories like Components can easily be mapped on monetary values, as done in various cost-benefits-analysis like in [9, 10] . For other categories, a mapping onto monetary values is quite difficult and not always desirable. For example, mapping the confidentiality of a system directly to an amount of money may be possible somehow, but can be unrewarding, because such a mapping needs an interpretation of confidentiality. So the evaluation results should be summarized in a different way. The idea of a summarized rating of architectures is presented in the section Status of the project.
Methodology
The methodical procedure is based on the Design Science Research Process (DSRP) model of Peffers et al. [16] . As worked out in the previous section, the goal is to develop metrics for different quality attributes through categories and additionally a summarizing metric. Thus, the DSRP model shown in Figure 2 will be followed for each category and for the collective approach.
In a first step, categories have to be identified. This can be obtained in a first attempt by analysing the interoperability layers and cross-cutting issues of the SGAM and the categories from the GridWise Architecture Council described in [11] . In parallel, the first general requirements for the evaluation metric can be worked out. The following steps are performed for the general metric and for each category, respectively.
After defining the categories, the metrics can be designed for each category and in general. The entry point of the procedure is thereby depending on the related work. If related work does not attempt to build metrics, the related
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Possible entry points for research work can just be used to define requirements. If related work already has defined requirements, the entry point lies in the development of the metric. And if related work already proposes a metric, a demonstration can be done.
After the demonstration of a metric follows the evaluation. The evaluation in turn can lead to a revision of requirements or to an improvement of the evaluated metric. Furthermore, a communication of the metric is needed to get feedback for further development and to propagate the results.
Besides communicating the resulting metrics in papers and on conferences, there is an evaluation of the metrics planned within two projects. First, the German project In2VPP (http://in2vpp.de/) provides 28 use-cases described with a use-case template and modeled with the SGAM Toolbox (http://www.en-trust.at/downloads/sgamtoolbox/) that can be rated and compared. Second, an evaluation can be done in context of the European project DISCERN (http://www.discern.eu/). A further step of the evaluation will be the consultation of domain experts. Yet it still has to be decided on the way of consultation. Here the Delphi-method or the Analytic Hierarchy Process (AHP) are considerable.
In the following chapter, the related work will be introduced. As already mentioned, the methodology is applied for the general evaluation as well as within each category. Therefore, one part of the related work introduces general work above the categories, while the major part describes related work within the categories.
Related work
Following the methodology, the first step is to build categories for the evaluations. As already motivated in the first chapter, the SGAM provides a distinction of five interoperability layers related to the GWAC-Stack introduced in [11] that can serve as a first classification into categories. The SGAM is introduced in [18] and there is already a statement made to the applicability of communication technologies in different communication networks. But apart from that, there is no attempt to build a metric for Smart Grids.
For an overall-evaluation-metric, there already exists a first idea and initial rough approach for evaluation metrics on all SGAM-Layers in [2] . These metrics can distincly be improved, but following the methodical procedure, [2] can serve as a basis to identify general requirements.
Further related work adresses work on specific SGAMlayers, so it will be introduced separately for the layers in the following.
Components and functions
Components can be mapped onto functionalities as desribed in the JRC reports to cost-benefit-analysis [9, 10] , so the corresponding two SGAM layers are evaluated together.
The reports introduce a pattern for conducting costbenefit-analysis as shown in Figure 3 . The pattern starts with the identification of assets. Afterwards, the corresponding functionalities can be chosen from a list of 33 functionalities. The functionalities are matched onto 23 benefits in turn, whereby all matchings are outlined in the reports in a matrix. Finally, the benefits can be given monetary values for the comparison of costs for assets and their benefits. The reports provide a comprehensive scheme and library of key performance indicators (KPIs), functionalities and benefits. But the rating can only be done in a concrete case of application, for example can the key performance indicator "Peak load transfer" only be collected within a concrete scenario. Furthermore, it is questionable if 23 benefits are enough for an evaluation of components and their functions. Thus, the reports deliver a good basis for a rating of smart grid architectures, but the given approach can be extended by considering side effects and non-monetary factors, which can especially be considered on other SGAM-layers.
Since the key performance indicators reflect particular requirements, and the reports provide formulas to calculate benefits, the starting point within the methodical procedure for this layers would be the demonstration of the metric. The evaluation of the metric will follow, whereafter an extension and adjustment can be done, starting again with the particular requirements reflected through key performance indicators.
Communication
The already mentioned work in [18] discusses the applicability of communication networks in different communication networks. Furthermore, [13] delivers checklists for Configuration, Quality of Service, Security and Data Management issues, that can be used to deduce key performance indicators and identify particular requirements on the communication layer. These KPIs and requirements can then be used as a basis for an evaluation metric.
Thus, the starting point within the methodical procedure on this layer is the identification of particular requirements, because the two mentioned works need to be joined and only thereafter the metric can be developed.
Information
For the information layer, there already exists a methodology to rate interoperability. This is the Interoperability Score (i-Score) from [8] , that was originally developed for network-centric operations at the U. S. military. The i-Score Methodology as depicted in Figure 4 consists of six steps and delivers a value for interoperability.
Furthermore, [5] introduces a rating for openness of engineering-tools. The rating is designed for four categories: export functionality, import aspects, documentation and completeness. These criteria might be integreable at an enlargement of the i-Score methodology. Following the DSRP model, the starting point is the demonstration of the metric in the smart grid domain.
Business
On the SGAM business layer, the strategic and tactical goals and processes as well as regulatory aspects are represented. To meet these aspects, maturity models can be considered. The Software Engineering Institute (SEI) published several reports concerning maturity models, where two of these shall be regarded particularly. These two are the Capability Maturity Model Integration (CMMI) [6] and the Smart Grid Maturity Model (SGMM) [17] . In both reports, there are five levels defined, but the CMMI defines Capability Levels and the SGMM Maturity Levels. The levels are summarised in Table 1 . It has to be said that the focus of CMMI is on organisational process improvement and the levels express organisational maturity, whereas SGMM is an implementation model for an organisation and the levels express the extent of implementation. The CMMI delivers specific and generic goals and practices for organisational process improvement that might fit better for an evaluation-metric on the SGAM-business layer. In contrast the SGMM defines eight domains in a Smart Grid that might build a starting point for categories within the evaluation-metric on the SGAM business layer.
With this related work, the starting point in the methodical procedure is the identification of particular requirements that can in a first approach be derived from CMMI and SGMM. So here already exists a direct SGAM-mapping and an extensive definition of requirements, but until now an accurate evaluation-metric still needs to be developed. Again, the starting point is the identification of particular requirements and afterwards, an evaluation metric for security in Smart Grid Architectures can be developed.
Status of the project
To evaluate Smart Grid Architectures in the development phase, a differentiated evaluation-metric is needed. Therefore, the layers of the SGAM are regarded separately and afterwards the metrics shall be combined to one big evaluation scheme. The goal is a clear rating of an architecture, that facilitates a distinctive contemplation and focus on different issues anyhow. The SGAM layers have been regarded separatedly concerning related work to find the entry point for further research as summarized in Table 2 .
The actual status of the project is that the information layer and the general evaluation metric have been regarded intensively. As already outlined and published in [3] , the i-Score Methodology can easily be transferred and applied to Smart Grid use cases. In [4] follows a discussion how the i-Score methodology can be improved for the application within the Smart Grid domain. The result Table 2 : Overview of related work.
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is an extension of the i-Score with the Levels of Conceptual Interoperability from [20] . This already delivers a first evaluation metric for the SGAM information layer. The next step on this layer will be the next iteration within the DSRP model. The idea is to reconsider the requirements and to revise the metric so that indirect communication does not influence the score in the strong way it actually does. A second requirement should aim for regarding different types of communication like messages to multiple recipients against bilateral messages between two devices. In contrast to the work on the information layer, the ideas for the general evaluation metric have not been published yet, so they will be introduced in the following. As already outlined in the motivation section, a mapping of all categories onto monetary values can be unrewarding. So the categories have to be brought on a common basis in another way. One possibility is to regard the best and worst result that can be reached within each category, and to set the achieved level in relation to that. This would for example lead to a value between zero and one for each category that can be multiplied or added together.
In the following, the application of this evaluation is demonstrated on an example. The example is a simple concept of managing generation on a low voltage level. Therefore, the distribution system operator needs information of a measurement data information system to decide whether a control of distributed energy ressources like PV-plants is needed. Furthermore, an energy management system is needed to make exactly this decision. If a control is needed, the information to reduce the energy production is send to the energy resources. The process is illustrated in Figure 5 . Figure 5 shows a home energy manager and an inverter on the side of the distributed energy ressource that belongs to a prosumer. The concept of managing generation can be fulfilled if the home energy manager is skipped, too. So the two concepts that are exemplarily compared are the generation management via home energy manager and the generation management without home energy manager. These two concepts are compared on the indicators costs, functionalities and i-Score.
The fixed costs for the concepts are in both cases about 450000 €². The costs for the home energy manager lay at about 300 €, the inverter is assumed with 1000 €³ for each device. For this example, the functionalities are taken from [9] and it is counted how many functionalities are provided and prepared. Both concepts provide the functionality 3 Use of network control systems for network purposes as well as 6 Enhance monitoring and control of power flows and voltages and prepare, but do not directly implement functionality 32 Improve information on energy sources. Furthermore, the first concept via the home energy manager prepares the functionalities 11, 22 and 25 as it prepares the participation on energy markets. The i-Score was computed in detail for this example in [4] . For the calculation of the score, the direct and indirect communication links between all participating systems are rated according to their conceptual interoperability with a level between 0 and 4. In this example, all systems have level 4 for the communication with themselves. Level 2 is given to the communication from the measurement data information system to the DER Gateway as well as to the home energy management, the remaining communication links have level 3 in this example. These levels are multiplied by the number of direct and indirect communication links for each connection and afterwards summed up together and divided by the total number of communication links. The weighted sums of the direct and indirect communication links are in this example 108 for the first concept with 36 commmunication links and 66 for the second concept, which has 21 communication links in total. This leads to scores of 3 and 3.14, the maximum i-Score is always 4.
The costs can be set in reference to the fixed minimum costs of 450000 € and are depending on the number of energy ressources included in the concept. The functionalities are within this example just counted and divided through the total number of listed functionalities in [9] , which is 33. And the i-Score is set in relation to the maximum score of 4. The overall result is exemplarily calculated by multiplying all results. Table 3 But if an indicator does not deliver a ratio scale, or the meaning of an indicator is sophisticated through that, the consideration of the result in a collective metric has to be designed differently. Therefore, the idea is to define for each evaluation category the border values must be, should be and could be (nice to have) for a system and to give points or values for the indicator depending on this borders. This would allow the consideration of knockout criteria (must be) and the possibility to focus on an indicator by the evaluator by defining high border values for the in- dicator under consideration. One disadvantage would be that the evaluation would then depend on the evaluator, so the form of the overall evaluation scheme still needs to be discussed.
Conclusion and outlook
In contrast to ordinary cost-benefit-analysis, the overall goal of this work is a development of evaluation metrics for different viewpoints and focal points. The evaluation metric does not necessarily provide monetary values, but shall consider different layers, side-effects, quality and maturity, respectively. The different layers are chosen in reference to the SGAM interoperability layers. Thus, costs and benefits can be regarded on the component and function layer. In a Smart Grid, communication and information exchange play a vital role, what is considered via the corresponding layers, while security issues are adressed separately. Above, the business layer provides the possibility to regard maturity. In a first example, the quality attributes costs, functionalities and interoperability of communication have been evaluated separatedly and collectively to compare two architectures with the same scope. These attributes can be complemented by further attributes and still be refined themselves. Building on this, the rating of Smart Grid Architectures can be used to compare different architectures or different states of one architecture during development. Furthermore, through the requirements on the business layer, it can help to identify obstacles for the realisation of an architecture due to regulatory constraints in different countries.
